Aim We obtain biogeographical patterns based on the distributions of shared orchid species of the Caribbean. These patterns are used to de®ne biogeographical zones. We then analyse the concordance between the distributional patterns with ecological and physical features of the islands.
region (Howard, 1973; Samek, 1988; Adams, 1989; Lavin, 1993; Borhidi, 1996) , although the¯oristics of the area have been actively studied for decades (Zanoni, 1986; Liogier, 1996) .
The Caribbean region has been divided phytogeographically in three subregions by Samek (1988) . These main divisions are: (1) Mexico to Panama, (2) Colombia to Venezuela, and (3) an insular subregion including the Antilles proper. The southern Antilles, from Aruba to Tobago are considered part of the Colombian±Venezuelan subregion. Borhidi (1996) joins both continental subregions, from Mexico to Venezuela, into a single one. While these authors consider south Florida as part of the Antillean subregion, Gentry (1982) included only the Florida Keys in the Antillean region.
Distinguishing biotic regions, or de®ning biological boundaries, has been among the major concerns of biogeographers. Traditionally, this has been performed with subjective methods (e.g. Gentry, 1982; Samek, 1988; Borhidi, 1996) . However, more objective or analytical approaches have been developed for the analysis of distributional data of organisms (e.g. Gauch, 1982; McCoy et al., 1986; Patterson & Atmar, 1986; Rosen & Smith, 1988; Rosen, 1988; Vargas, 1991; Real et al., 1992; Scheiner, 1992; Worthen, 1996; Puente et al., 1998) . Here, we use an alternative method based on a parsimonious analysis of taxa distributions (Rosen & Smith, 1988) . This method represents a direct way to search for the biogeographical af®nities among areas (Connor, 1988; Vargas, 1991) , for the detection of areas of endemism (Morrone, 1994a ; Cardoso da Silva & Oren, 1996 2 2 ; Bates et al., 1998) , and for the delimitation of biological boundaries (Posadas, 1996; Posadas et al., 1997; Morrone, 1998) . The parsimony analysis presented here is a tool for searching the most parsimonious arrangement of shared species among areas, as a means of revealing the biogeographical af®nities in a hierarchical pattern (Rosen & Smith, 1988; Brady, 1994) .
The analysis presented here was originally called parsimony analysis of endemicity (PAE), and was suggested by Rosen (1985 3 3 , cited in Rosen & Smith, 1988) and developed by Rosen & Smith (1988) . It was also independently suggested by Legendre (1986) and Connor (1988) . Since then it has been employed in the study of extant taxa of New Zealand (Craw, 1988) , Australia (Cracraft, 1991) , Southeast Africa (Morrone, 1994a) , the Patagonia (Posadas, 1996) , the Andes (Morrone, 1994b; Posadas et al., 1997) , the Amazonia (Cardoso da Silva & Oren, 1996; Bates et al., 1998) , the Austral region (Craw, 1989; Morrone, 1998; Glasby & Alvarez, 1999) , Mexico (Luna et al., 1999) , and the entire world (Conran, 1995) . The units of comparison that have been used are sites, quadrants or sections of regions, biogeographical areas, or natural geographical areas (e.g. islands, continents, ocean basins). We use entire islands or groups of them, as the units of study. While the method has been mainly used for discovering the historical relationships among areas, we give a static or non-historical interpretation to the patterns obtained (Rosen, 1992; Posadas, 1996; Posadas et al., 1997) . Although the method has been called PAE, we use a more generic name: parsimony analysis of distributions (PAD). The method excludes single-site species (including single-site endemics), and takes into account shared species whether endemic or not to the Antilles or adjacent areas. We substitute the term distribution for endemicity to avoid confusion.
Our goal here is to distinguish biogeographical patterns in the Antilles based on one plant family, Orchidaceae. This group of plants, of which there are approximately 700 species in the Antilles, is relatively well known taxonomically and geographically because there are relatively recent orchid treatments for the Cayman Islands (Proctor, 1984 (Proctor, , 1996 , Puerto Rico (Ackerman, 1995) and the Bahamas (Sauleda & Adams, 1982; Sauleda, 1992) . Furthermore, a treatment for the Greater Antilles is underway (Ackerman, 1997; in press ). The homogeneous wind-dispersal mechanism (except in bird-dispersed Vanilla) of the dust-seeds among the species of this family, makes orchids a good focal group for the study of distribution. Assuming that most orchids have the same dispersal capacity, their distributional patterns may be explained in terms of other ecological, geographical and historical factors.
The questions we address are: (1) what are the phytogeographical relationships among the Antillean islands based on shared orchid species? (2) are these relationships affected when neighbouring continental regions are considered? (3) what is the phytogeographical regionalization of the Antilles based on orchids, and (4) how do the distributional patterns of orchids match with geography, geology, physiography and ecology of the region? Apart from the biogeographical analysis per se, we discuss the use of parsimony analysis of naturally de®ned areas (i.e. islands) with extremely dissimilar number of species, and the use of single-site species to look at ®ner degrees of biogeographical differentiation.
MET HODS
A total of ®fty-two areas (Table 1) were included in the study. Data on the distribution of species were taken from literature and from unpublished sources ( Table 2) . Synonymies and valid species names were standardized mainly according to J.D. Ackerman (unpublished data).
A presence/absence matrix of the 863 orchid species reported for the studied areas was constructed in MacClade 3.01 (Maddison & Maddison, 1992) . Using this program, areas were entered in the place of taxa, while taxa were entered in the place of characters. In the matrix, presence was indicated with a`1' and absence with a`0'. Once we constructed the matrix, we ran analyses of parsimony using PAUP 4 (Swofford, 2000) . A hypothetical outgroup area with all 0s (no species) were used in the analyses to root the trees. General heuristic searches were carried out to look for the most parsimonious trees, which indicate the¯oristic af®nities among studied areas. We obtained consensus trees (Strict, Majority Rule and Adams) when more than one equally parsimonious tree were found. A description and a discussion of the parsimonious analysis methodology are found in Rosen & Smith (1988) , Vargas (1991) and Rosen (1988 Rosen ( , 1992 .
Only the informative species were taken into account in the analyses (Appendix 1). The uninformative species are those found in only one area; therefore, they give no information in terms of shared species af®nities. We only used these single-site (island or area) species for speci®c oristic comparisons. Also, Vanilla species were not considered at all because they are animal-dispersed, an anomaly in the orchid family.
Area relationships derived from PAD may be altered depending on the inclusion or exclusion of different areas just as is the case when using different ingroup/outgroup taxa in cladistic studies. To test the robustness of our data, we conducted independent analyses of different subsets of areas.
RESULTS
An analysis of all areas using the 356 shared orchid species produced 216 equally parsimonious trees. The three consensus trees obtained from them produced entirely congruent groupings (Fig. 1) . The Strict consensus tree shows the groups found in all the most parsimonious trees. The Majority Rule tree shows the groups found in more than 50% of those trees. The Adams tree gives the highest possible resolution for data distribution.
Four main clusters of areas can be identi®ed in the consensus trees ( Fig. 1): (1) Greater Antilles/Guianas±Trini-dad/larger Lesser Antilles/smaller Lesser Antilles/Virgin Islands/Margarita-Tobago/other smaller Lesser Antilles, (2) Yucatan/Florida/Isla de la Juventud/Bahamas/Mona/ Anegada, (3) Cayman Islands, and (4) Aruba/Curac Ëao/ Bonaire. Although these are well-de®ned aggregations, the polytomic base of the trees means that relationships among them are not resolved. The arrangement of areas within the groupings is highly in¯uenced by species numbers.
D IS C USS IO N Groupings of areas vs. physical factors
We found two kinds of grouping patterns in the Antilles based on orchid species distributions. One pattern aggregates islands that belong to single geological units while the other pattern groups areas with different geological histories (Fig. 2) .
In the ®rst pattern, the groupings are easy to understand as they correspond to islands belonging to de®ned geological units. The Virgin Islands holds together as a group (except for Anegada). The islands of the Virgin Islands Bank, which excludes St Croix, were once part of a larger volcanic island that included Puerto Rico. They are old islands, about 105 Ma (Donnelly, 1988 ) that separated when the sea level rose after the last Pleistocene glaciation, some 18 Ma ago. They are small, low-mountain islands (to 521 m) with hot climates ranging from moist to dry conditions (Ewel & Whitmore, 1973) . Similarly, the Bahamas belong to a single geological platform, part of the North American plate. They are low-lying, sedimentary limestone areas. Many of the Bahamas were interconnected in the past (Williams, 1989) . Regarding the Cayman Islands, which are located south of Cuba on the Cayman Table 2 Primary data sources for the orchid species presence in the studied Caribbean regions Ridge, are small, low-lying islands with limestone sedimentary substrate to 36 Ma; no connection between these islands and other lands occurred in the past (Proctor, 1984) . Lastly, Aruba, Bonaire and Curac Ëao, with volcanic and sedimentary substrates, are geologically related and part of the South Caribbean Island Chain (Bellizzia & Dengo, 1990) . They are also small, low-elevation islands (to 372 m) with volcanic and sedimentary substrates, and have dry climates. In addition to their common origin, each one of these island aggregates has a common geomorphology and physiography with relatively homogeneous ecological conditions and low species richness. The anomalous oristic connection of St Croix with the Virgin Islands group is understandable if we look at the physiography rather than the geology. St Croix has an independent origin from the Virgin Islands Bank; nevertheless, they are physiographically similar.
The second pattern is represented by areas differing in geological origin and that are separated by wide geographical distances among themselves. One example is represented by the Bahamas/Isla de la Juventud/Mona/Anegada group. As mentioned above, the Bahama Archipelago is composed of low-lying, sedimentary limestone islands located on the North American plate. The Isla de la Juventud, which lies on the western part of the Cuban Bank, is almost entirely lowlying, part calcareous and part metamorphic (CRAC, 1978) . Mona is a small,¯at, calcareous island between two of the Greater Antilles (Puerto Rico and Hispaniola). Lastly, Anegada is part of the Virgin Islands Bank; however, unlike the other Virgin Islands, it is¯at, low-lying and calcareous (D'Arcy, 1971) . In spite of the separate geological origin, these islands have a similar geomorphology and physiography. The other example of the second pattern is the Greater Antilles/Trinidad/larger Lesser Antilles/smaller Figure 1 Consensus trees of¯oristic af®nities of the Antilles and some continental areas based on a parsimony analysis of 356 shared orchid species distributions. Consensus trees were obtained from 216 most parsimonious trees built by a general heuristic search (tree length 903, CI 0.395, RI 0.626, RC 0.247). Majority Rule and Adams trees are almost identical, except for placement of Anegada and basal areas within the Bahamas branch. Many basal areas of different groups in Majority Rule and Adams trees appear collapsed in the Strict tree. Numbers on branches of Majority Rule tree indicate the percentage of the most parsimonious trees that support the grouping;`+' after numbers indicates the same value for subsequent internodes. Numbers in parentheses after the area-names in the Majority Rule tree are numbers of shared species. Relationships among areas are interpreted through branch connections and not in terms of vicinity in tree branches. Polytomies indicate unresolved af®nities among areas. Names in bold call the attention of some area af®nities.
Eastern Antilles/Virgin Islands/Margarita±Tobago/other smaller Lesser Antilles group. The origin of the Greater Antilles, whether continental or oceanic, is under debate (Rosen, 1985; Iturralde-Vinent & MacPhee, 1999) ; however, they are quite old, ranging from 105 to 80 Ma (Donnelly, 1988) , or perhaps 150 Ma (Lewis & Draper, 1990) . The Lesser Antilles ®rst emerged as an oceanic island arc about 43 Ma, and later expanded 11 Ma to form the north-western Lesser Antilles, from Dominica to Saba (Coney, 1982; Maury et al., 1990) . Finally, the islands of Trinidad, Margarita and Tobago, belong to the Caribbean Mountain System that is part of the continental South American plate (Bellizzia & Dengo, 1990 ). There has been no connection between these islands and the Lesser Antilles (Donnelly, 1988) . Trinidad lost connection with South America some 5 Ma (Persad, 1985) . Notwithstanding the differences in geology and age, most of the islands of this grouping are volcanic, mountainous, have a variety of climates and natural communities, and complex species assemblages.
Orchid distribution patterns also seem to be in¯uenced by their high vagility. On a regional scale (the Antilles) cohesive clusters of islands spread over hundreds to thousands of kilometres (e.g. Bahamas±Anegada or the Greater Antilles± Eastern Antilles) re¯ect the high potential for orchid dispersal, a capacity that may override the effects of geological history in de®ning the af®nities among those islands.
In general, distribution patterns of orchids are explainable according to the physical features of the islands. The similar geomorphology and/or physiography of these islands presumably results in similar ecological conditions that consequently produce similar assemblages of species. However, geology clearly plays an important role in de®ning biogeographical af®nities at a more restricted geographical scale. We do not know to what extent the biogeographical patterns are affected by other factors such as prevailing winds and hurricane tracks.
Analysis of areas using different island data sets
Different analyses using subsets of areas (using the informative species for each data set) show patterns compatible with the general analysis of all areas. Nevertheless, they do add information about the relationships among some groupings and areas. The following observations are based mainly on the Majority Rule consensus trees (trees not presented). Points (1), (3) and (5) denote a close af®nity among the Isla de la Juventud, the Cayman Islands, and the Bahamas.
Relationships among the groupings using exclusive and endemic species
The parsimony analysis produced consistent assemblages of areas. Nevertheless, the relationships among some of the groupings are not resolved. We attempt to understand these unde®ned af®nities by subjectively examining the number of endemic species, the number of exclusive species (single-site, non-endemic species), and the presence of species of restricted distribution of every island or group. Are all the unresolved clusters of islands in the consensus trees, independent biogeographical provinces?
The Eastern Antilles, from the Virgin Islands to Margarita constitute a distinct branch with several minor subgroups. First, the larger Lesser Antilles from Guadeloupe to St Lucia is the most de®ned group, with seven endemic species [Elleanthus dussii Cogniaux, Epidendrum discoidale Lindley, Maxillaria guadalupensis Cogniaux, Pleurothallis dussii Cogniaux, P. ophioglossoides (Jacquin) Garay, Pseudocentrum guadalupense Cogniaux, Stelis dussii Cogniaux]. Secondly, the smaller Lesser Antilles (islands north of Guadeloupe from Montserrat to St Martin) is a`group' that splits along the Eastern Antilles branch (Figs 1 and 2) . Some of these islands share two endemic species with the larger Lesser Antilles group (Epidendrum difforme Jacquin and Epidendrum patens Swartz). We recognize that this smaller Lesser Antilles`group' is not cast in stone because basal species-poor areas are prone to changing af®nities. Thirdly, the Virgin Islands, except Anegada, constitute a monocladic but weakly differentiated (no endemic species) group which is ®rmly allied with the Lesser Antilles. Nevertheless, the Virgin Islands have two species that they share exclusively with neighbouring Puerto Rico [Psychilis macconnelliae Sauleda, Tolumnia prionochila (Kra È nzlin) Braem]. This connection was insuf®cient to alter the¯oristic af®nities of the Virgin Islands with the Lesser Antilles in our analyses. Lastly, Tobago and Margarita form a pair within the Eastern Antilles branch. The fact that these island groups appear as basal and pectinate with respect to the Greater Antilles, indicates a close af®nity among the islands of our Island Arc group.
The 
Relationships with continental areas
The inclusion of the Guianas as a South American continental area was thought as a heuristic exercise. First, the Guianas is a politically de®ned area rather than a biogeographical region. Secondly, the Guianas is likely outside the Caribbean¯oristic region and part of the Amazonian region (Gentry, 1982) . If we were to include other South American regions in this study, no doubt the Guianas would shift af®nities dramatically. The Guianas form a sister group to the Greater Antilles, which is indicative of the strong af®nities among insular and continental orchid¯oras (as has been put forth for the¯ora in general by Samek, 1988; Borhidi, 1996) .
The Yucatan and Florida form a sister pair of the northwestern Bahamas/Isla de la Juventud group. All these are sedimentary, calcareous, low-lying and¯at areas. Samek (1988) and Borhidi (1996) de®ned South Florida together with the Bahamas as one province. On the other hand, Gentry (1982) excluded Florida (except for the Keys) from his Caribbean (insular) region. We consider Florida and the Yucatan as provinces not belonging to the Antillean subregion, which are supposedly part of the Continental subregion of the Caribbean.
To de®ne more clearly the relationships among the insular Antilles and their neighbouring continental areas, more thorough studies are necessary. Also, the inclusion of other continental areas, working as distant sister areas in the analyses, would be useful. For example, a sister continental area for the Yucatan biogeographical province (Dura Â n et al., 1998) could be a province in central-western Mexico. Both outside provinces belong to the same¯oristic MexicanCentral American Caribbean subregion (sensu Samek, 1988) .
Islands with unresolved af®nity
The unresolved islands or island groupings found in some consensus trees could be explained in a number of ways. First, it is possible that an incomplete record of the species for these islands could be hampering the resolution of their af®nities. As we improved the species record for the smaller Lesser Antillean islands they became progressively resolved. We expect this trend to continue. Alternatively, the record may be complete and these unresolved areas could be the result of: (1) a lower number of species which would prevent their af®liation with other groups, (2) an equally strong af®nity with more than one of the other groups, and (3) a non-hierarchical structure in the data (Ronquist, 1997; Glasby & Alvarez, 1999) . One way an unresolved area or group could be considered distinctive would be if it had a well-differentiated¯ora (i.e. endemic or exclusive species). It is likely a combination of these factors that play a role in unresolved cases.
PAD, species richness and species±area curves
The position of areas in tree branches is in¯uenced by species numbers. This pattern is not evident for the Antillean archipelago as a whole and only becomes obvious within the major island assemblages. As we move from the tip to the base of the tree branches, species numbers tend to diminish. This apparent numerical artefact has been stated as one of the main problems resulting from the use of areas with highly dissimilar number of species, and a comparable number of taxa per site has been recommended as a prerequisite for PAE analyses (Rosen, 1988 (Rosen, , 1992 Rosen & Smith, 1988; Vargas, 1991; Conran, 1995) . What our study shows is that even with very few species the af®liation of an island to a speci®c group occurs when the taxa permit it.
Every main cluster has its own species-poor islands. We interpret the basal position of an area as indicative of oristic subordination to the distal areas in the group. Otherwise, when the few species of an area do not de®ne its af®liation, such an area turns out to be unresolved or unstable, being located at the base of the whole tree or at the base of different branches, respectively. In other words, either a high or a low number of species can de®ne membership patterns among areas. Limiting the analysis to areas with a similar number of species would unnecessarily restrict the use of this methodology for the Caribbean and many other regions.
Differences in species numbers within our island groups can be converted into species±area curves. We have found that the geologically and physiographically diverse montane islands have a different species±area curve than that for lowlying islands, which are basically calcareous and physiographically homogeneous (Ackerman et al., submitted). The calcareous group, comprised of nineteen islands (including the Cayman Islands), has a z-value of 0.25 (however, r 0.4, P 0.07), a typical value for islands (Rosenzweig, 1995) . Meanwhile, the montane island group, composed of twentysix islands (our island arc group), has a z-value of 0.51 (r 0.89, P 0.0001). This is close to an interarchipelagic value found by Adler (1992 , cited by Rosenzweig, 1995 . Moreover, if a species±area curve for this montane group is calculated with only the endemic species (using only nine islands that have single-island endemics), z 0.68 (r 0.88, P 0.0019) suggesting that habitat diversity is important for autochthonous speciation. The two z-values for the montane group seem to indicate that the Island Arc group behaves as a cluster of provinces (Rosenzweig, 1995) as has been proposed by Borhidi & Mun Ä iz (1986) . In contrast, the endemic species±area curve for the relatively homogeneous calcareous group was not run because there are only three islands (island banks indeed) with endemic species.
Phytogeographical regionalization of the Antilles
The Antilles is among the principal phytogeographical regions of the world (Gentry, 1982) . It has been included within the Caribbean region that extends to continental lands from Mexico to Venezuela (Samek, 1988; Borhidi, 1996) . Our orchid data seem to support this view. The phytogeographic sectorization of Samek (1988) and Borhidi (1996) consider every one of the Greater Antilles as provinces. Major geographical aggregations of islands (i.e. the Bahamas, the Lesser Antilles) are also de®ned as provinces, while minor groups of islands (e.g. the Virgin Islands, the Cayman Islands) are integrated with some of the big islands. Apart from the recognition of these kind of divisions, we also examined af®nities among and within them in a tree-like hierarchical structure (Fig. 2) .
1 Every one of the major islands of the Greater Antilles (i.e. Cuba, Hispaniola, Jamaica and Puerto Rico) is suf®ciently differentiated to be recognized as a separate province of the Antilles.
2 The Lesser Antilles were taken as a single phytogeographic province by Samek (1988) and Borhidi (1996) . Their orchid¯ora is suf®ciently distinctive, supporting this view. Our analysis places them as part of the Eastern Antilles group and at the same time subordinate to the Greater Antillean main group. 3 The Virgin Islands were integrated as part of Puerto Rico by Samek (1988) and Borhidi (1996) . However, our study places them rather close to the Lesser Antilles, and altogether, as subordinate of the Greater Antilles. 4 The Cayman Islands were considered part of Jamaica by Samek (1988) but as part of Cuba according to Borhidi (1996) . Our analysis suggests that these islands have complex af®nities with the Greater Antilles, the Yucatan and Florida continental areas, and also with the Bahamas. 5 The Bahama archipelago was one of the Caribbean provinces distinguished by Samek (1988) , Borhidi (1996), and Gentry (1982) , and this is also supported by our orchid data. Moreover, our study relates the Isla de la Juventud, Mona and Anegada (geographically and geologically part of the Greater Antilles) as subordinates of the Bahamian Province. The Isla de la Juventud shows a strong af®nity with the north-western Bahamas, while Mona and Anegada are small islands with close af®nity to the rest of the Bahamas. 6 Trinidad, Tobago and Margarita were considered part of the Venezuela±Colombia Caribbean subregion by Samek (1988) and Borhidi (1996) , while no clear af®liation for Trinidad and Tobago can be obtained from Gentry (1982) . Our data support a closer af®nity of Trinidad with the Greater Antilles instead of the neighbouring Lesser Antilles. Based on its differentiated orchid¯ora (approximately thirteen endemic species) we consider Trinidad as a¯oristic province. On the other hand, Margarita and Tobago are linked with the Lesser Antilles± Virgin Islands group rather than with Trinidad. There are two potential problems with these islands. First, we consider that the species record for these islands is not well updated, especially for Trinidad and Tobago whose most recent complete orchid¯ora was published by Schultes (1960) . Secondly, the Venezuelan Guyana may be a more appropriate neighbouring continental area, instead of our Guianas area. If this is true, the islands of the Trinidad bank may be more related to the continent than to the rest of the Antillean islands, as suggested by bat distribution patterns (Trejo-Torres & Rivera, unpublished data) and by geological history. 7 Aruba, Bonaire and Curac Ëao seem to be independent of the Antillean subregion and apparently part of the Continental Caribbean subregion.
Perspectives of PAD
The pattern we found for orchids is not necessarily the same for the general¯ora or for the entire biota of the region. We expect that phytogeographic relationships revealed by orchids might be similar to that of other highly vagile groups of organisms such as wind-dispersed plants,¯ying insects,¯y ing birds and bats. In this case, area af®nities appear to be de®ned by physical factors, such as geomorphology, physiography, climate, geography and island area. At the same time, it is plausible to predict that less vagile organisms, such as non-¯ying vertebrates and freshwater ®shes, will de®ne different patterns of area relationships, perhaps more in¯u-enced by geological and geographical history of areas.
The PAE/PAD is an alternative to the use of multivariate phenetic methods for classi®cation of biotas (Rosen, 1988; Vargas, 1991) and for comparing species assemblages. In fact, giving a static interpretation of area relationships, this is a method equivalent to multivariate ones (Rosen, 1988 (Rosen, , 1992 . Some important differences between PAE/PAD and multivariate methods are: (1) The PAE/PAD uses parsimony algorithms instead of similarity indexes. This means that the hierarchy selected in this manner will be the best supported by evidence, for it maximizes congruence between data and hierarchical patterns (Brady, 1994) . (2) The PAE/PAD uses characters (taxa) selected a priori based on their informativeness, that is, species found in all sites and single-site species are eliminated as they give no information on the af®nities among areas (3). The PAE/PAD provides a more uni®ed methodology as multivariate methods use many different similarity indices, which can also yield different results.
The PAE/PAD can be seen as a complementary method. While many community analyses are intended to describe quantitative parameters, PAE/PAD is directed to describe composition patterns, based on the identity of species (Worthen, 1996) . Also, results of PAE/PAD in the form of trees with a hierarchical structure could be a graphic complement to other methods which produce results that are single numerical values, such as indexes, scores or exponents (i.e. nestedness analysis, Patterson & Atmar, 1986) . The hierarchical nature of the results does not necessarily mean that communities are organized that way. After all, af®nities among communities may have an underlying reticulate structure (Ronquist, 1997) . We view PAE/PAD as only one way to represent structure in biogeographical data.
The PAE/PAD has the potential as a method for understanding ecological biogeographic problems. This is supported by the Caribbean orchids for which composition patterns strikingly match physical and ecological factors. The use of the method as a complement to vicariance and other historical biogeographic methods has been suggested (Cracraft, 1991 4 4 ). Because of its phenetic nature, patterns found through PAE/PAD could be re¯ecting ecological phenomena, rather than historical ones. Nevertheless, until now, it has always been used under the historical point of view. Some of the aspects pointed out as disadvantages to the historical approach, do not exist in the ecological context. For example,¯oristic af®nities, biodiversity comparisons and composition patterns can be seen as phenetic phenomena.
For the demarcation of biogeographical units PAE/PAD could be employed before searching for speci®c patterns in distributional data sets. This could avoid distortions from possible structure in the data caused by mixing areas belonging to different biotas. Within the same context, Morrone & Crisci (1995) suggested the use of panbiogeographic methods as an initial step to do other historical biogeographic analyses.
The PAE/PAD could prioritize conservation efforts at the regional level (Posadas, 1996) by identifying areas or islands of high diversity. We have shown that such use can be helpful for the Antilles, one of the world's biodiversity hotspots (Myers et al., 2000) . However, conservation efforts often focus on unique species, particularly endemics (island endemics in our case), but PAD uses only shared species. The exclusive use of PAD in formulating conservation strategies can thus be misleading. This is especially true for species-poor islands that appear subordinated to speciesrich islands. Impoverished islands may thus be falsely interpreted as irrelevant for biodiversity conservation. For example, the tiny island of Mona lies subordinate to other islands of our calcareous group yet it is certainly worthy of conservation efforts because Mona has its own set of endemic plants and animals (including an orchid, Psychilis monensis Sauleda).
The PAE/PAD do have problems that need to be resolved and these are the interpretation of: (1) the unresolved status among the main groupings of areas, (2) the area relationships when using islands as well as continental regions, (3) the potential use of branch-lengths in the trees. Special attention should also be given when selecting data sets for organisms with diverse ecological characteristics (e.g. birds, which could belong to different guilds: residents vs. migratory, volant vs. non-volant).
CONCLUSIONS
According to our orchid data, the Antillean islands constitute a phytogeographical subregion of the Caribbean. The Lesser Antilles and the Bahamas are well-de®ned provinces. Meanwhile, the Virgin Islands and the Cayman Islands are poorly differentiated aggregates, perhaps to be considered as incipient provinces. All of them are subordinated to the main Greater Antillean group.
Within islands groupings detected by PAD ordering of areas is highly in¯uenced by species numbers. The speciesrich islands form cohesive groupings to which other speciespoor islands unite as subordinates. These subordinate islands are liable to changing af®nities.
Orchid species show three core zones of high diversity in the Antilles: the Greater Antilles (Hispaniola, Cuba, Jamaica, Puerto Rico); the larger Lesser Antilles (Guadeloupe, Dominica, Martinique, St Vincent, Grenada, St Lucia); and the north-western Bahamas (Andros, Abacos, Grand Bahama, New Providence, Eleuthera).
The patterns we found for orchid distributions in the Antilles are in¯uenced primarily by physical characteristics of areas. That is, areas with common ecological features either because of similar physiographical conditions or common geomorphology form tight clusters, despite their differences in geology or the long distances among them.
The highly compatible patterns obtained from different island sets and from different consensus trees indicate that relationships of areas obtained are well supported by the data. In other words, the groups identi®ed are not arti®cial, but rather the result of their orchid-species af®nities.
Whereas PAE/PAD is an appropriate methodology for the study of geographical regions based on shared species, single-site species (the majority of which are endemics) are indicative of ®ner degrees of biogeographical differentiation. We suggest using both data sets to analyse biogeographical af®nities, for it integrates differences and similarities. This approach provides a more thorough use of¯oristic information for the analysis of biogeographical relationships.
The parsimony methodology seems to be appropriate for the analysis of areas, or any other natural unit, with very dissimilar number of species. The low number of species found in a unit can de®ne its af®liation or can produce an unresolved¯oristic af®nity. The lack of af®nity of an area to any group may be either real or an artefact caused by an incomplete species record.
The PAE/PAD has great potential as an alternative, complementary or ®rst-step method to other multivariate and phylogenetic methodologies in biogeography.
ACKNOWLEDGMENTS
The study was supported by NSF grants to JDA (DEB-9505459, HRD-9353549, HRD-9628475). Arkelio Alicea, Kary Garcõ Âa, Eileen Bravo, and Yanet Crespo were students participating in the study under Alliance for Minorities Participation Program at UPR. We thank Steve Rehner logistic assistance in data analysis. We are grateful to Brian Rosen, David Lees, Susan Arago Â n, Marta Dõ Âaz, and Juan J. Morrone who had made relevant comments on the manuscript. Timothy Johnston assisted editing the manuscript and Celene Espadas, Guillermo Bianchi, and Ana Porzecanski shared important references. Germa Ân Carnevali, Andre van Proosdij, Mark Nir and Hagen Stenzel provided unpublished data. 
BIOSKE TCH ES
J. Carlos Trejo-Torres is a graduate student at the University of Puerto Rico-Rõ Âo Piedras working under the guidance of James D. Ackerman. He is studying composition patterns in the limestone forest of the Greater Antilles. He is also working on the biogeography of Caribbean bats. He worked on the community description,¯oristics and taxonomy of the Yucatan forests and wetlands, especially the endemic¯ora.
James D. Ackerman is a biologist at the University of Puerto Rico-Rõ Âo Piedras. He has interests in plant ecology, systematics and evolution, particularly of orchids. He has published numerous papers on the evolution of deception pollination and the processes involved in the diversi®cation of the Orchidaceae. Among his current projects is the Orchid treatment for the Flora of the Greater Antilles.
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